cDNA cloning of the double-stranded RNA genome of Chuzan virus, a member of the Palyam serogroup orbiviruses, was carried out and the complete nucleotide sequences of RNA segments 2, 3, 6 and 7, encoding the major capsid proteins VP2, VP3, VP5 and VP7, respectively, were determined. The individual segments had single open reading frames and short inverted repeats adjacent to the conserved terminal sequences. Comparative sequence analysis with other serogroups of the genus Orbivirus suggested that VP2 is the principal determinant of serotype specificity and the neutralizing antigen of the Palyam serogroup. VP5 is also considered to be associated with antigenic variability. Both VP3 and VP7 probably contain serogroup-specific epitopes. Phylogenetic profiles demonstrated that the Palyam serogroup virus is more closely related to African horsesickness virus than to bluetongue virus and epizootic haemorrhagic disease virus.
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An epizootic of congenital abnormalities with hydranencephaly-cerebellar hypoplasia syndrome of calves was observed in the south-western part of Japan from autumn 1985 to spring 1986 (Goto et al., 1988 a, b) . Aetiological studies have indicated that Chuzan virus, a member of the Palyam serogroup of the genus Orbivirus, isolated from Culicoides oxystoma and healthy sentinel cattle in 1985, was the cause of the disease (Miura et al., 1988 (Miura et al., , 1990 . The nucleotide sequence data reported in this paper will appear in DDBJ/EMBL/GenBank with the accession nos AB014725-AB014728.
The Palyam serogroup viruses are classified into the genus Orbivirus, family Reoviridae, on the basis of their morphological and physico-chemical properties. They are transmitted by a variety of arthropod vectors, such as mosquitoes, ticks and Culicoides midges, and have been isolated in many parts of the world including Africa, Asia and Australia (Knudson et al., 1984 ; Miura et al., 1988 ; Whistler & Swanepoel, 1988) . Although the Palyam serogroup viruses seem to be involved in abortion and teratogenesis in cattle, their pathogenic importance remains generally unknown.
The genomes of Palyam viruses consist of ten doublestranded (ds) RNA segments. RNA-RNA blot hybridization experiments have demonstrated that RNA segments 2 and 6 are correlated with serotype specificity, and RNA segments 5, 7 and 9 are closely related among the members of this serogroup (Bodkin & Knudson, 1985 , 1986 . Analysis of the encoded products by in vitro translation has revealed that RNA segments 1, 2, 3, 4, 6, 7 and 9 encode the structural proteins VP1, VP2, VP3, VP4, VP5, VP7 and VP6, respectively, and that segments 5 and 8 encode the non-structural proteins NS1 and NS2 (Eaton & Gould, 1987) . The smallest gene (segment 10) encodes two related non-structural proteins, NS3 and NS3A (van Staden & Huismans, 1991) . Structural analysis of other Culicoides-borne orbiviruses, bluetongue virus (BTV), epizootic haemorrhagic disease virus (EHDV) and African horsesickness virus (AHSV), has demonstrated that their virions consist of ten dsRNA segments and seven structural proteins (Roy, 1996) . The outer capsid is composed of two major proteins (VP2 and VP5), whereas the inner capsid, or core, is composed of two major (VP3 and VP7) and three minor (VP1, VP4 and VP6) proteins. It is apparent that the Palyam serogroup viruses share many common features with these orbiviruses. However, little information is available on the genetics and molecular properties, including sequences, of the Palyam serogroup. We have constructed a cDNA library of Chuzan virus and analysed its gene sequence, in order to investigate the structure and function of the dsRNA genome of the Palyam serogroup virus and to understand its phylogenetic relationship to other orbiviruses. In this report the nucleotide 0001-5737 # 1999 SGM and predicted amino acid sequences of Chuzan virus dsRNA segments 2, 3, 6 and 7, encoding four major capsid proteins, are presented. The conserved terminal sequences of all ten dsRNA segments were also determined. Chuzan virus strain K-47, derived from blood collected at Kagoshima, Japan, in 1985 from a healthy sentinel cow (Miura et al., 1988) , was plaque-purified by using monolayers of BHK-21\13 cells. Viral dsRNA was extracted and purified from Chuzan virus-infected BHK-21\c13-NIAH suspension cell cultures (established in our Institute), as described by Dı! az-Ruı! z & Kaper (1978) . Denatured genomic dsRNA was polyadenylated and oligo(dT)-primed cDNA synthesis was carried out according to the method of Cashdollar et al. (1982) . RNA templates were removed by treatment with NaOH and dsDNA molecules were generated by self-annealing. The 3h ends were repaired with T7 DNA polymerase (USB). After homopolymeric tailing with dC, cDNA was cloned into PstIdigested, dG-tailed pBR322 plasmid. Transformants containing cDNA copies of RNA segments were identified by colony hybridization with $#P-labelled individual RNA segments, purified from an agarose gel, as probes. cDNA clones representing RNA segments 2, 3, 6 and 7 were selected from the library and sequenced by the dideoxynucleotide chain termination method by using appropriate restriction endonuclease fragments or deletion derivatives subcloned into pBluescript II plasmids (Stratagene). Sequence data were analysed with GENETYX software (Software Development).
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All cDNA clones of RNA segment 3 encompassed the 5h end but not the 3h end of the positive-sense strand (the largest clone, 1-36, covered bases 1-1047). The remainder, which represents the 3h end, was amplified by a combination of RT-PCR and rapid amplification of cDNA ends (RACE). For example, a 1128 bp fragment corresponding to bases 899-2026 was amplified by RT-PCR with an upstream primer (5h GCATTGTGCTTACCACATGGAG 3h) based on the sequence of clone 1-36 and a downstream primer (5h TAAT-GCACGGCTATCACACCA 3h) based on the partial sequence of the cognate gene of D'Aguilar virus, another member of the Palyam serogroup (Gould & Pritchard, 1991) . Purified genomic dsRNA was denatured at 95 mC for 5 min and cDNA was synthesized by using these primers at 37 mC for 30 min. Reverse transcriptase was denatured at 95 mC for 5 min, followed by quenching on ice, to stop the reaction. The resulting cDNA was amplified according to the following protocol : 30 cycles of denaturation (94 mC for 1 min), annealing (55 mC for 1 min) and extension (72 mC for 1 min) and then a terminal extension step at 72 mC for 10 min. The PCR product was gel-purified and blunt-end ligated into the SrfI site of pCRscript SK(j) (Stratagene). After sequencing of this PCR product, the remainder was amplified by the 5h-RACE system (Gibco BRL) with slight modifications. Purified RNA was denatured in the presence of 10 % DMSO and a cDNA primer corresponding to bases 1904-1926. First-strand cDNA synthesis was then carried out. After thermal inactivation of the reverse transcriptase, RNase H was added and the reaction mixture was incubated at 55 mC for 10 min to remove the RNA template. The cDNA pool, purified with a GlassMAX DNA isolation spin cartridge (Gibco BRL), was used for TdT tailing and subsequent PCR amplification with a nested primer corresponding to bases 1949-1972 and a poly(G) primer. The PCR conditions and cloning procedures for the 5h-RACE product were as described above.
The sequences obtained from cDNA clones consisted of 3055 (segment 2), 2774 (segment 3), 1610 (segment 6) and 1151 (segment 7) nucleotides. RNA segments 2, 3, 6 and 7 each contained a single open reading frame (ORF), encoding 1002, 904, 521 and 348 amino acids, respectively. The sequence contexts of the presumed initiation codons of these four segments are in agreement with the Kozak consensus sequence, requiring a purine at position k3 and a guanosine at position j4, which is characteristic of strong eukaryotic translation initiation sites (Kozak, 1987) . No additional ORFs of significant length were detected in either the plus or minus strand of any segment.
The plus-strand terminal hexanucleotide sequences of RNA segments 2 and 3 are in agreement with the consensus sequence of BTV and EHDV RNA segments, namely 5h GUUAAA … ACUUAC 3h (Mertens & Sangar, 1985) . In contrast, the terminal sequences of RNA segments 6 and 7 differ slightly from this characteristic sequence, by the substitutions of A for U at the third position from the 5h end in RNA segment 7 and of G for A at the sixth position from the 3h end in both RNA segments 6 and 7. In order to confirm whether such variations are also present in the other segments of the Chuzan virus genome, the terminal sequences of segments 1, 4, 5, 8, 9 and 10 were determined. Since no cDNA clones representing segment 1 appeared to contain both ends, as determined by partial sequencing, 5h-RACE was carried out with primers based on sequences from two non-overlapping clones 3-72 (about 1500 bp) and 3-78 (about 1400 bp), presumably representing the 5h-or 3h-terminal regions.
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Capsid protein genes of Chuzan virus Capsid protein genes of Chuzan virus Although the terminal hexanucleotide sequences of RNA segments 1, 5 and 10 were identical to those of RNA segments 2 and 3, nucleotide substitutions were identified in segments 4, 8 and 9. Like RNA segment 7, an A instead of a U was observed at the third position from the 5h end of RNA segment 8. In the sequence of RNA segment 4, a C instead of a U was identified at the third position from the 3h end. RNA segment 9 also contains an A instead of a U at the fourth position from the 3h end. These findings indicate that the consensus terminal sequence of the Chuzan virus (Palyam serogroup virus) genome is 5h GU(U\A)AAA … (A\G)C(U\A)(U\C)AC 3h. Segment-specific domains of inverted complementarity (inverted repeats) adjacent to the conserved terminal sequence were identified in individual segments (data not shown). These motifs may serve as important signals for recognition, sorting and packaging of the RNA segments during maturation, as previously speculated for other members of the genus Orbivirus Iwata et al., 1991 Iwata et al., , 1992 Moss et al., 1992) , wound tumour virus (Anzola et al., 1987) and influenza virus (Stoekle et al., 1987) . It is also possible that these motifs are involved in transcription and replication by the virus-specific RNA-dependent RNA polymerase, and in translation.
The gene products of Chuzan virus RNA segments 2, 3, 6 and 7 showed similarities to the VP2, VP3, VP5 and VP7 sequences, respectively, of other Culicoides-borne orbiviruses, BTV-10 (Roy et al., 1990) , EHDV-1 (Iwata et al., 1991 , 1992 Le Blois et al., 1991) and AHSV-4 Iwata et al., 1992 b) . Amino acid identities of these four proteins between Chuzan virus and other orbiviruses are summarized in Table 1 . Chuzan virus VP2 is highly hydrophilic and variable throughout the molecule and is thought to contain functional domains for neutralization, haemagglutination and attachment to the host (bovine) cell receptors. In contrast, Chuzan virus VP5 appears to be more conserved among orbiviruses. The conserved domains are located near the N and C termini (residues 18-92 and 451-506) and in two central regions (residues 201-272 and 355-400). These regions are probably responsible for interaction with VP2 and\or the core, while the variable regions, together with VP2, are probably exposed on the surface of the virion as serotype-specific antigenic determinants. Chuzan virus VP3 and VP7 are presumably directly relevant for intra-and inter-molecular interactions in virus assembly. Both proteins are considered to represent serogroup specificity (Roy, 1996) . Chuzan virus VP7 also contains the RGD motif (residues 178-180), which is common to Culicoides-borne orbiviruses (Grimes et al., 1995) and possibly plays an important role in attachment of the virus to cell-surface receptors in vector Culicoides species during the early stage of infection (Mertens et al., 1996 ; Xu et al., 1997) . As presented in Table 1 , the capsid proteins of Chuzan virus are also comparable with those of Broadhaven virus (BRDV), a member of the tick-borne Kemerovo serogroup (Moss et al., 1990 (Moss et al., , 1992 . A low level of identity is observed between Chuzan virus VP5 and BRDV VP5 (26n8 %) and between Chuzan virus VP7 and BRDV VP7 (24n4 %). On the other hand, Chuzan virus VP3 shows relatively high identity (35n5%) to BRDV core protein VP2. In all cases, comparative analysis indicates that at the genetic level Chuzan virus is more distantly related to BRDV than to BTV, EHDV and AHSV. Interestingly, phylogenetic profiles of the major capsid proteins constructed by the UPGMA method demonstrate that Chuzan virus is most closely related to AHSV, even though they differ in host range, geographical origins and disease symptom expression (Fig. 1) .
These sequences from Chuzan virus, a member of the Palyam serogroup, provide evidence of functional and phylo-
